A postal questionnaire was sent on two occasions to specialist anaesthetists within New Zealand. Questions were related to fasting status, anti-aspiration prophylaxis, incidence of aspiration, definition of high risk groups for aspiration pneumonitis, and identification of departmental guidelines. Two-hundred-and-twenty-three replies were received (72% response rate). Most adults, children and infants were fasted for 6 hours for solids, whilst the majority fasted for 2 to 4 hours for liquids. Two-thirds indicated that they would delay emergency surgery (not life/limb threatening) to optimize gastric emptying. Histamine type 2 receptor antagonists, metoclopramide and cricoid pressure were used commonly, more so in the obstetric population compared to non-obstetric surgery. Preinduction nasogastric intubation and suction were used infrequently. Anti-aspiration prophylaxis was deemed important in morbidly obese patients, those in the third trimester of pregnancy and those with a hiatus hernia, whilst diabetes mellitus, sepsis and renal failure were not considered risk factors for aspiration pneumonitis. 71% of respondents had at least one episode of aspiration (range 0-10), with an overall mortality rate of 5%. Half of these cases of aspiration were deemed to be preventable by the respondent.
The first reported case of death primarily due to aspiration of gastric contents was reported by Dr. G.W. Balfour in 1864. Whilst serving in Burma in 1853, Dr Balfour attended a soldier who had sustained a bullet wound to his leg, causing a false aneurysm and repeated secondary haemorrhage. Unfortunately, during a chloroform anaesthetic, "… the man became sick and vomited. He subsequently sank and shortly died from exhaustion, as was supposed 1 ." Post mortem examination revealed that "the trachea was filled with vomited matters". Since then, other workers reported this complication, culminating in Mendelson's paper in 1946 2 . The subsequent fifty years have been filled by papers outlining the incidence of this problem and attempting to provide logical methods in reducing this potentially life-threatening complication 3 . Whilst it may be numerically less common than in the early days of anaesthesia, regurgitation and aspiration remains an important preventable cause of anaesthetic morbidity, and has been cited in a recent ASA (Australian Society of Anaesthetists) review as one of the major causes of morbidity in anaesthesia, along with dural puncture and postoperative nausea and vomiting 4 . Guidelines may be useful in managing these types of problem.
The first stage in any guideline development is to ascertain the need and scope of planned guidelines along with location of those which already exist 5 . Surveys have been published on anti-aspiration prophylaxis from Australia, Denmark, United Kingdom and France [6] [7] [8] [9] . Most of these have concentrated on the obstetric population, and have limited themselves to one aspect of prophylaxis.
The aim of this survey was to provide a comprehensive national picture of anti-aspiration prophylaxis practice in New Zealand.
METHODS
A questionnaire was developed and was comprised of fourteen questions requiring either ticks in boxes or short free narrative answers. The first four questions identified normal fasting intervals for adult, paediatric and infant patients undergoing elective or emergency surgery. Questions five to eight specifically sought the types of preventative strategies that anaesthetists would employ for non-obstetric and obstetric surgical procedures at high risk of aspiration. The final six questions identified whether the respondent ever had a case of aspiration pneumonia and the outcome, the presence of written departmental policies for anti-aspiration prophylaxis, a survey as to perceived high risk patients and the need for antiaspiration prophylaxis and finally the requirement for such chemoprophylaxis in patients undergoing surgery under regional anaesthesia.
An initial pilot questionnaire was circulated to a few members of the local anaesthetic community for assessment. Minor changes were made to the form following this initial pilot questionnaire. The survey was targeted at specialist accredited anaesthetists in New Zealand. A self-addressed envelope with questionnaire and covering letter were sent out via the CECANZ (Continuing Education Committee of Anaesthetists in New Zealand) mailing list. Two months later a reminder letter plus repeat questionnaire was again sent to all specialists on the mailing list. The data collection was anonymous, therefore all the specialists were mailed twice. The data was collated and transferred on to a spreadsheet for subsequent analysis (Microsoft Excel, Microsoft Corporation).
RESULTS
A total of 323 questionnaires were sent out in each of the two mailing periods eight weeks apart. Fourteen questionnaires were returned with comments regarding their inability to complete the form (e.g. retired from practice, or participating in fulltime intensive care medicine). Two-hundred and twenty-three responses were collected from both mailings, giving an overall response rate of 72% of practising specialist anaesthetists.
The fasting times for solids and liquids for adult, paediatric and infant patients are shown in Tables  1-3 . Anaesthesia for emergency surgery would have been deferred by 62% of respondents to enable further gastric emptying to occur, 38% would not wait, whilst 18% qualified their statements to wait (e.g. "it depended whether the emergency was life-or limb-threatening").
Prophylactic measures used for the elective and emergency obstetric and non-obstetric cases deemed as "high risk for aspiration pneumonitis" are shown in Table 4 . Few respondents used prophylactic preinduction nasogastric aspiration, unless the naso- gastric tube had previously been inserted for a preexisting surgical reason. Even in patients deemed to be at high risk from regurgitation and aspiration, the use of cricoid pressure was high but not universal. The use of prokinetic agents were similar between obstetric and non-obstetric cases (42-59%), however histamine type 2 (H 2 ) receptor antagonists were used more commonly in obstetric cases than non-obstetric cases in both the elective and acute situations. This pattern of administration was also seen with sodium citrate. Combination therapies are shown in Table 5 . There was a trend for a higher number of patients in the obstetric group to receive anti-aspiration prophylaxis compared to the non-obstetric group. Triple therapy (H 2 receptor antagonist, antacid and metoclopramide) was prescribed commonly in 25% to 35% of all cases.
The number of aspiration events is shown in Figure  1 , with 71% of respondents indicating that they had at least one case in their careers. There was an overall 5% mortality rate as a direct consequence of the aspiration event ( Figure 2 ), with 50% of respondents indicating that the aspiration event may have been "preventable".
Written departmental policies and/or protocols were common for fasting guidelines (76%) , but less so for anti-aspiration prophylaxis (49%) and aspiration pneumonitis management (23%).
Anti-aspiration prophylaxis was deemed very important for those patients with co-existing morbid obesity, third trimester pregnancy and hiatus hernia. Fewer respondents considered first trimester pregnancy, insulin and non-insulin dependent diabetes mellitus (IDDM, NIDDM) and renal failure as important risk factors requiring prophylaxis (Table 6 ).
Most (66%) considered that the same antiaspiration prophylaxis should be carried out regardless of whether the procedure was planned under regional or general anaesthesia, 24% planned to use some measures but not as comprehensive as if done under general anaesthesia, whilst 10% would not use Numbers of anti-aspiration therapies; 1=only one modality of antacid, H 2 receptor antagonist or metoclopramide; 2=any combination of two of the three above; 3=triple therapy, antacid, H 2 receptor antagonist plus metoclopramide. FIGURE 1: Number of aspiration events per anaesthetist (n=157). "Many" described respondents who stated they had several incidents, but could not quantify. "?" indicated respondents who had some cases of aspiration but could not remember the actual numbers involved.
FIGURE 2: Number of outcomes from respondents who indicated that they had a case of aspiration during anaesthesia (n=350, as many respondents had more than one outcome).
any prophylaxis if the procedure was to be carried out under regional anaesthesia.
DISCUSSION
Over the fifty years since Mendelson's description of aspiration pneumonitis, considerable interest and much research has focused on reducing the risk of pulmonary aspiration and its subsequent management. It may now be timely to re-evaluate the importance of this complication and its prevention and/or management in the light of modern anaesthetic practice.
Fasting status
Early anaesthetic management actively encouraged the ingestion of tea, beef tea and soup prior to general anaesthesia. Subsequent teaching has recommended fasting six hours for solids and four hours for liquids. These values were arbitrarily chosen, but reflected to some degree the different mechanisms of gastric emptying between solids and liquids. Liquids tend to empty in an exponential manner with a halflife of 20 to 30 minutes, in contrast to solid emptying which follows zero order kinetics and may take several hours. Recent studies have reviewed fasting efficacy, and suggested rationalization of fasting status to two to three hours for clear fluids, coffee or orange juice 10 . Moreover there is controversy whether prolonged fasting may lead to maternal and/or foetal ketoacidosis in the parturient or hypoglycaemia in infants. Despite this evidence some workers still voice concern over the availability of fluids such as fruit juice with acidic pH (e.g. apple 3.65, grape 3.20 and cranberry 2.70) which are allowed freely in some centres prior to elective surgery 11 .
This relaxation in fasting status is evident in this survey, where approximately half of all adults are fasted for two hours or less for liquids, and only 30% require a four-hour liquid fast. Fasting for solids appears to remain consistent with six hours, and few fast for longer periods (e.g. eight to twelve hours). This pattern is followed in the paediatric (one to 14 years), and infant patients. Limits for solid food ingestion prior to elective cases seemed to be more relaxed for infants and children compared with adults. Whereas only 28.5% of adults were fasted for solids for four hours or less, this figure rose to 49.5% for the one to 14 year age group and 76.5% for infants less than one year of age. This may relate to concern over pre-and intraoperative hypoglycaemia in the younger population, although recent studies suggest that this may in fact be of limited significance [12] [13] . A consistent proportion of respondents indicated minimum fasting times for emergencies to be 0 hours, i.e. that they would be prepared to anaesthetize them immediately. This contrasts with the following question in the survey when asked about delaying an emergency patient for surgery. In this situation approximately two thirds of responding anaesthetists indicated that they would delay surgery to optimize gastric emptying. From comments made on the survey form, this partly depends on the urgency of the clinical situation. The decision to delay surgery in the emergency case is worthy of further comment. It can be argued that delaying surgery does not confer any added advantage over gastric emptying. In fact there may be several disadvantages. Gastric volume may be increased by prolonged fasting with increasing gastric acid production. Logistically, cases may be delayed, patients subjected to prolonged periods of discomfort and importantly performed at times when the anaesthetist may be more tired and accidents more likely to occur.
Anti-aspiration prophylaxis
In a French survey of obstetric anaesthetic practice, 23% of respondents used antacids, cricoid pressure and tracheal intubation in combination 6 . Approximately one third used sodium citrate for elective and emergency caesarean sections, whilst H 2 receptor antagonists (cimetidine or ranitidine) were used by approximately two-thirds of practitioners. A Norwegian survey demonstrated a high use (44%) of mechanical stomach aspiration via a nasogastric tube prior to induction of anaesthesia in emergency obstetric surgery 7 . In addition sodium citrate was used in 60% of departments prior to emergency caesarean section, whilst H 2 receptor antagonist (8%) and metoclopramide usage (20%) was less common. Sodium citrate was used in 78% and 86%, H 2 receptor antagonists in 93% and 69% and metoclopramide 92  3  5  216  Pregnancy 1st trimester  25  74  1  205  Pregnancy 2nd trimester  74  12  14  211  Pregnancy 3rd trimester  97  1  2  212  IDDM  35  36  29  213  NIDDM  20  49  31  212  Renal failure  29  36  35  212  Hiatus Hernia  86  3  11  216  Sepsis  40  26  34  210  Difficult intubation  58  36  36  214 IDDM: insulin dependent diabetes mellitus; NIDDM: non-insulin dependent diabetes mellitus.
Anaesthesia and Intensive Care, Vol. 26, No. 1, February 1998 in 34% and 35% of elective and emergency caesarean sections respectively in a survey carried out in the United Kingdom 8 . Australian practice revealed minimal use of H 2 receptor antagonists in both elective (11.5%) and emergency surgery (3.9%), with sodium citrate used in 36.6% and 44.4% and metoclopramide in 10.2% and 14.1% of elective and emergency caesarean sections respectively 9 . The results of the present survey contrast with those carried out previously, and suggest a widespread use of prokinetic agents, H 2 receptor antagonists and antacids in both obstetric and non-obstetric surgery. There are even some anaesthetists who administer H 2 receptor antagonists and antacids to all patients undergoing general anaesthesia.
Number of aspiration events
The true incidence and prevalence of aspiration pneumonitis is still unknown. Single institution prospective and retrospective studies indicate an incidence of between 1/500 and 1/131 000 anaesthetics, with this complication more common in elderly, ASA 3 and 4 patients. Results from this survey indicate that most (at least 71%) anaesthetists will expect a single episode of aspiration in their careers. Despite the limitations inherent in such a retrospective survey, the present survey reports a 5% overall mortality rate from aspiration pneumonia, which is consistent with data from the Anaesthetic Incident Monitoring Study (Australian Patient Safety Foundation, Unpublished observations, 1997). Obvious deficiencies in interpretation of this question lie with the respondent recall and time when the event occurred. Changes in perioperative management along with development of intensive care units may have altered the outcome of events in previous years.
Pathophysiology
Instillation of hydrochloric acid into the right upper bronchus of a single rhesus monkey led to the definition of the determinants of severity of aspiration, i.e. pH < 2.5 and volume >0.4 ml.kg -114 . Despite this limited data, and suggestions from later studies with better experimental methodology that the critical pH is probably higher (>3.5) with larger gastric volumes (>0.8 ml.kg -1 ) 15 , the "at risk patient" is still almost universally quoted as 2.5 and 0.4 ml.kg -1 . There appears to be an important interaction between pH and volume in some animal models of aspiration. Very low pH values (<1.0) in low volumes (0.3 ml.kg -1 ) were associated with a greater than 90% mortality rate 16 . This contrasted to lower mortality rates (14%) when both pH (>1.8) and volume (2-3 ml.kg -1 ) were increased. These results partially validate the ingestion of non-particulate antacids immediately prior to induction of anaesthesia. Despite this, in the obstetric literature, maternal mortality fell well before the widespread introduction of non-particulate antacids and H 2 receptor antagonists, probably reflecting the increasing use of regional anaesthesia in this patient population.
Whilst the main thrust of prophylaxis has been to raise gastric pH to safe values, little attention has been focused on the bile component of aspirated fluid. Regurgitation of duodenal contents (duodenogastric reflux) occurs commonly in normal individuals, especially after eating and at night. Bile acids and trypsin have been demonstrated to interact with acid and pepsin to produce synergistic effects in causing oesophagitis 17 . This synergistic effect may also occur during inhalation of gastric contents. In a pig model, Porembka demonstrated that PaO 2 , A-a gradient, shunt fraction and static compliance were significantly worse in those pigs who had aspirated bile (pH 7.19, 0.5 ml.kg -1 ) compared with acid aspiration (pH 2.24, 0.5 ml.kg -1 ) and control (saline) 18 . Further studies are needed in this area to identify the relevance of such findings in human practice, as the majority of anti-aspiration regimens concentrate on reducing acid content rather than reducing gastric volume using mechanical or pharmacological intervention.
The routine use of non-particulate antacid therapy (e.g. sodium citrate) is recommended over magnesium trisilicate, which has been associated with worsening of lung injury when used as part of antiaspiration prophylaxis. These agents do have limitations, which include incomplete mixing, short duration of effective buffering, unpleasant taste and short shelf-life. Additionally, efficacy is inversely proportional to gastric emptying 19 .
There have been several studies which have looked at the efficacy of H 2 receptor antagonists and proton pump inhibitors. Stuart et al recently compared various combinations of ranitidine, omeprazole, metoclopramide and sodium citrate in patients undergoing emergency caesarean section 20 . Both H 2 receptor antagonists and PPI significantly reduced gastric pH and volume, however the addition of a prokinetic agent metoclopramide conferred no added advantage. Importantly there was a wide range of pH and volume seen in all groups (e.g. ranitidine, metoclopramide and citrate, pH 1.29, volume 210 ml; omeprazole, metoclopramide and citrate, pH 1.11, volume 270 ml).
Other workers have shown that intravenous raniti-dine, oral ranitidine, oral cimetidine, effervescent cimetidine, oral and intravenous omeprazole and lansoprazole are effective in increasing pH and reducing gastric volume [21] [22] [23] [24] [25] . Yet variability in perioperative and perilabour gastric motility lead to wide variations in gastric volumes despite the use of these agents, and no combination offers a reliable and consistent reduction in these parameters. Few anaesthetists in this survey used proton pump inhibitors, whilst the most common H 2 receptor antagonist was ranitidine.
Mechanical and pharmacological emptying of the stomach have been advocated by many workers to minimize the risk of aspiration. Insertion of plain and multiorificed nasogastric tubes, along with inflatable balloons to occlude the cardia have been described, but all suffer the same problem of difficulty in completely aspirating the whole stomach. There does not appear to be much support for the preoperative use of naso-or oro-gastric intubation in the present survey. Reasons for the low use of this technique may include; potential epistaxis, gagging and vomiting (e.g. unwanted effects in open eye surgery, acute subarachnoid haemorrhage) and perceived inefficiency of this technique. This latter limitation may be partially reduced by the development of a specialized nasogastric tube with balloon which occludes the gastric cardia 26 . This tube has a manometer to ensure correct placement of the tube within the stomach, and allows mask ventilation whilst in situ. Finally it can be left as a conventional nasogastric suction tube in the postoperative period or removed when the patient has recovered from anaesthesia.
The introduction of cricoid pressure 27 allowed protection of the airway during periods of increased risk of aspiration, and has become standard practice for all emergency obstetric surgery. However there can be a wide variation in its efficacy when applied by anaesthetic assistants, and there are several reports of regurgitation, some of which were documented in this survey, even in the presence of seemingly appropriate cricoid pressure. The lack of objective data supporting the use of cricoid pressure is leading some workers to re-evaluate its efficacy.
Pharmacological agents which enhance gastric motility and promote anterograde movement of gastric contents would be beneficial to reduce the risk of aspiration. Metoclopramide has been used widely in the past, but shows wide variability in effect, and can be associated with dystonic side-effects 28 .
Cisapride, a 5 HT 3 agonist, which acts on the gut myenteric nervous system, has been widely studied in the field of anaesthesia. It has been shown to be effective in reversing opioid-induced gastric stasis, enhance gastric motility, reduce fasting gastric volume and increase LOS tone [29] [30] [31] . Unfortunately its parenteral formulation was withdrawn due to its sideeffects of tachycardia, ventricular dysrhythmias (e.g. torsades de pointes) and hypotension. Erythromycin and derivatives of other macrolide antibiotics, which act as motilin agonists, show promise for use as gastrointestinal prokinetic agents. These gastrointestinal effects are unrelated to their antibacterial effects. Doses of 2 to 3 mg.kg -1 increase gastric emptying rates to levels above that of normal individuals 32 . Erythromycin has been shown to be an effective prokinetic agent in patients with diabetes and scleroderma-induced gastric stasis. In addition erythromycin as been demonstrated to be effective in reducing fasting gastric volumes and promoting enteral feeding in the ICU, and may have a place in emergency surgery 33, 34 . However its value may be limited by thrombophlebitis, nausea and vomiting, pharmacokinetic interactions with other drugs and cardiac rhythm disturbances (e.g. prolongation of the QT interval).
In the first 4000 incidents from the AIMS, there were 96 documented cases of pulmonary aspiration (APSF, unpublished observations 1997). Being numerator research, this figure provides no guideline to how prevalent this condition is in general anaesthetic practice. Yet from the present survey, 71% of anaesthetic specialists admitted to having a case of aspiration pneumonia, and many had multiple incidents. The outcome, like those from AIMS, were mostly mild to moderate injury, but some deaths did ensue. The mortality rate of 4% from AIMS is consistent with the reported 5% mortality seen in this survey. Interestingly, 50% of cases were deemed to be preventable by the attending anaesthetists, and this again is in agreement with AIMS. Typically, failure to secure the airway, inexperienced assistance, premature extubation and anaesthetic inexperience were attributable causes to the aspiration incident. Retrospective evaluation of these aspiration incidents suggested that the majority might not have been prevented by antacid or other drugs used to inhibit acid production. This was based on the presence of bilestained fluid, solid food particles, stomach blood and other foreign bodies aspirated.
Risk factors
Whilst a large proportion of respondents indicated that high risk groups included third trimester pregnancy, obesity and hiatus hernia, a surprising low percentage perceived conditions such as diabetes mellitus, chronic renal failure or sepsis as risk factors for pulmonary aspiration. This is interesting as these latter diseases are known to predispose to altered, and inhibited, gastric motility. Up to 50% of patients with renal failure show delayed gastric transit times which cannot be predicted from indices such as serum creatinine or dialysis time and type [35] [36] .
Similarly, both insulin dependent and non insulindependent diabetes mellitus patients show great variability in gastric motility, which is influenced not only by autonomic neuropathy, but also serum glucose levels. Hyperglycaemia per se causes inhibition of gastric emptying, with hypoglycaemia increasing motility. Sepsis has also been documented in animal 37 and human studies to be responsible for inhibition of normal gastrointestinal motility; however it is difficult to ascertain the clinical significance of this problem.
In conclusion, there has been some rationalization in fasting guidelines for liquids in the perioperative period, with a trend to allow clear fluids two hours prior to elective surgery. Whilst the use of antacids and H 2 receptor antagonists are common, especially in the obstetric population, prokinetic agents are prescribed less commonly. Most anaesthetists will have at least one episode of aspiration pneumonitis, which has an overall mortality rate of 5%. Standard antiaspiration measures may need to be reviewed, placing greater emphasis on airway security in potential high risk patients, along with enhancement of gastric emptying.
